In this paper, we establish an existence and uniqueness theorem for solutions to backward stochastic differential equations driven by time-changed Lévy noises, in which the generator is monotonic and general growth with respect to y. Our conclusion extends the corresponding result in Di Nunno and Sjursen (Stoch. Process.
Introduction and preliminary
In , Pardoux and Peng [] firstly put forward the theory of nonlinear backward stochastic differential equations (BSDEs for short) and proved an existence and uniqueness result under the Lipschitz assumption. Since then, many scholars have paid more attention to the existence and uniqueness of solutions for BSDEs under weaker assumptions, such as Lepeltier 
They proved the existence and uniqueness of solution under the following conditions (L)-(L):
where C >  is a constant and
Moreover, they also obtained a sufficient maximum principle for a general optimal control problem. Motivated by the above work, our paper aims to discuss the existence and uniqueness of solutions for BSDEs driven by time-changed Lévy noises when the generator g satisfies monotonicity, continuity and general growth conditions with respect to y, which generalize the existence and uniqueness result of [] . Moreover, we introduce the stability result for the first time under this structure.
In the sequel, we shall introduce the preliminary to establish our desired result. For more details, please refer to [] and the references therein.
Let ( , F, P) be a complete probability space and λ :
a pair of stochastic process whose components are nonnegative and continuous in prob-
, where R  = R \ {} and B X denotes the Borel σ -algebra on X. Define the random measure on X by
as the mixture of measures on disjoint sets, ⊆ X. Here, q is a deterministic and σ -finite measure on the Borel sets of R  satisfying R  x  q(dx) < +∞.
Here, F represents the σ -algebra which is generated by the values of . given bỹ
We define the signed random measure μ on the Borel subsets of X by 
and
Here the random measures B and H are specific types of time-changed Brownian motion and a pure jump Lévy process.
of the random fields admitting a G-predictable modification and its norm be
let be the space of functions z :
Main result
In this section, we shall state the existence and uniqueness result for solution of BSDE (.). Let us start with introducing the following assumptions (H)-(H): (H) dP × dt-a.e., for each z ∈ , the mapping y → g(t, λ, y, z) is continuous. Moreover, there exists a constant α ∈ R such that
(H) there exists a continuous increasing function φ :
Theorem  is the main result of this paper.
Theorem  Under assumptions (H)-(H
Remark  It is not hard to check that (L) ⇒ (H) and (H). Thus, our main result extends the corresponding conclusion of [] .
Before giving the proof of Theorem , we establish the following two propositions (see Propositions -). Proposition  and Proposition  are, respectively, the prior estimate and stability of the solutions to BSDEs, which play an important role in the proof of our main result. For convenience, we always assume that α =  in (H 
Proof From Definition , BSDE (.) is equivalent to the following BSDE:
Applying the Itô formula to |y s |  , we get
Integrating both sides from t to T, we deduce 
By the Burkholder-Davis-Gundy (BDG) inequality,
is a uniformly integrable martingale. In fact, there exists a constant p >  such that
Taking E[·|G u ] on both sides of (.) for each  ≤ u ≤ t ≤ T and combining with the above inequality and (.), we can obtain
where
Furthermore, it follows from the BDG inequality that there exists a positive constant d such that for each  ≤ u ≤ t ≤ T,
By virtue of (.) and (.), it follows from (.) that
Thus, from the above inequality and (.), we have
By letting
and noticing the definition of X t , we know that, for each  ≤ u ≤ t ≤ T,
Finally, Gronwall's inequality yields, for each t ∈ [, T],
which completes the proof of Proposition .
Proposition  is a stability result. For each n ≥ , let (y t , z t ) t∈ [,T] and (y n t , z n t ) t∈ [,T] be, respectively, a solution of the BSDE (.) and the following BSDE depending on the parameter n:
Furthermore, we introduce the following assumptions (B) and (B):
and all g n satisfy (H) and (H);
Proposition  Under assumptions (B) and (B), we have
By (H) with α =  and (H), we have
Thus,
Taking the mathematical expectation on both sides of (.), by Gronwall's inequality, we can obtain
Then by (.) with t =  and the previous inequality, we can get
Finally, taking the supremum over t ∈ [, T] on both sides of (.) and the mathematical expectation, and applying the BDG inequality to the supremum of the martingale on the right-hand side, we have
Note that the above K is a positive constant depending on C and T. Thus, in view of (B), we complete the proof of Proposition . Now, we give the proof of Theorem .
Proof of Theorem  The uniqueness part of Theorem  is established immediately by Proposition . Hence, we just need to prove the existence part, which can be divided into three steps.
Step . We shall prove that, for each ξ ∈ L  ( ,
and g satisfy (L) and (H), then there exists a unique solution to BSDE (.).
Moreover, by the martingale representation theorem Therefore, we can define the map : 
